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Abstract of JP1 1 287962 
PROBLEM TO BE SOLVED: To reduce the 
coupling loss between fiber waveguides and to 
reduce the transmission loss sent through a gap 
filled with a fluid between a couple of 
waveguides. SOLUTION: In the switching 
element 50 which couples waveguides 62, 64, 
66, 68, 70, 72, 74, and 76 being 1st optical paths 
selectively with waveguides 78, 80, 82, 84, 86, 
88, 90, and 92, being 2nd optical paths the 1st 
and 2nd optical paths having tapered areas 
gradually decreasing sectional area from 1st 
sectional area to smaller sectional area are 
coupled with a substrate waveguide 52 and 
include 1st and 2nd optical fibers 96, 98, 100, 
and 102 having tapered areas formed to 
decrease more the sectional area as they go 
away from the gaps of grooves 94 between the 
1st and 2nd optical paths. 
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(54) Gft9!0>£fN X-fv9->ifntf- 



(57) 

*103t»"C*4Wjft«6 2, 6 4, 6 
6, 68, 70, 72, 74, 7 6 *'&2<F> : %MT'foh 
#i£tF7 8. 80. 82, 84, 86, 88, 90, 9 
2 *4 5 0fc*JWt. 

SfcH" 4 r— > * -f 4 m 1 ar/» 2 tfD#S8 Ji . 

ft S 31 9 A<r>**r "/TfrbffiiX&b 1 1 £3fcK<Z>»rfl5* 
^JftW-i^-^^HWftWB**^ 1 &t>*SS2 
98, 1 0 0, 10 2mt^ 

4. 
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[»IMf#*>«H] 

i msm i ] mi (omi^ ttz&mmws (52; i 

24 ) b. 

mm 1 iOffi^-^T» (94 ; 156) 0=*f> 77t 

Tssiraatga* ft o tzfrcDm i <o*8watfns 2 *»* 

( 6 2~9 2 ; 126; 158, 160. 16 28. 

1/ 1 6 4 ) t-$> o , friem i <o*»w&i«s 2 co^^t 

*Hvc**#*l OTKBWfc^&rtfflHRW (114) 
OrtGOISSfcT-^-flig (110) (^HWIt «r*-T4 
mfie^ 1 2 <7)z5£i£^ t . 

mfie^r v -r?m<7>%&m&& , luEss 1 osiwBf&tf 

as 2 <03»«rtP*^eWt«r^ Lfc* 1 *>«!Ba»4> buIBS! 
1 OWift«&t«B 2 <D3E#g#llfil SilfcSS 2 cottffltc 
WOSl* «ttW ( 1 5 081/1 5 2) 

fc:aj*>&*lO3ia»*»«^-4»l<0*7T-Y-'< ( 9 
6, 98, 10081^102; 116; 138, 14 
0,14 281/1 44 ) b. 

Ml BITS 2 W^jS^cOBUlB^hffliJSffi 4: *fr£ L T mflB^-V -y 7 
i:^SS!2<03t»2:^-tS§l2c03fe7r-f>'^ (9 
6, 98, 100 81/ 102; 116; 138, 14 
0, 14281/144) fc£3TU 
milBfff 1 W3KK8t/m 2 tfSfcHM«#«r . BtB^buIEI? 

-mm (no; 122) *irr&zb*mkb-*i>A 

4 v^-yymT (50:1 66). 
[000 1] 

[0002] 

*at*r#e#*>eav&*. 3efs^*»*wt=*«-r 
&eaaa*«iiBi«iirfflv^*i.rv^**». mparts 
8t/r-^aftaiT'ffiffl$n4^x-( -yf--m. -e<o 

•y hXJftTti, >-XxA^jM'Jy-^ ( resource ) 
*SMeW(c*!lffl-C* SWA**** . 

[0003] 7t^X-f yf-tCi^yN'-Jr -y h^ft<0X^ 
ii, yf-y^S<50ffi3%*\ RVMMX'f'y 



SSS-^-'f -y-f" ( optical cross-connect circuit switc 
h ) A*. 3t7T^y^<y)i«b* y hU— hff-§-c7)/l~T--f 

M#rf-V ^*/M parallel channel ) £flJffl-?"S i i: 

Wot. tit «S* jJrtM flirt- & «*4HW£*3r* ( W D 

M, wavelength division multiplexing ) SrSsfflLfcv' 

[0004] *f6BJ3<?)?&0J#OF o u q u e t ZWiMZ 
tt*$*lfc#HHe*r5 6 9 9 4 6 2#Ttt. «&c7)*co 

\,rtixfr 1 *cr)tb^fflM?iJ^7 r y ^C0%M^cr»U 
-f- 4 ^fcfWJTS* 4^-f y f-^fTf «DV h D 
t-ov^T, -^fBtttffr Stress, ife. tSfgWt-M 
IlW^f 7f>'y'f : f^-7 h U -y J a c k e 

1 ^Ofl&WHHWfM 9 8 8 1 5 7-f-tClBtt$iXTV% 

[0005] 01 0{i«*(CJo(t47t^X>f yf-y^S 

f i o comfit z ^-timmx-h h . tti, mi um* 

iztstfi 4X4 cr>^x^ v+yrm? 10<?>~?h\)7 
X3 2(?)ffi®,Z^r<tmX'foh. HI 0HZjjct%frA4 v 

3 v*Ka*aflrc& s z<omcottm£t m lx t ^ 

V\ 3^X-f -y^y^3i?^10(i, T»0??7K11 
4c371 6i;±gP£73^7-y FBI 8 1 THg?ill>r 
( planar waveguide ) tT^^S . 3 

7ii**;«c3^-pA n TnmtFtmizmw 
*5-Lhm<nmmx'i>$k\<\ ry yvma. )t(t^3 

[0006] 371 6ti, »l<0*iSdffl»<0A*3l«« 

2 08l/tH7J^1 : 2 6$rMSL. 4fc, SI2<7)^^ 
S§<7)A^»« < 1 : 2 4aVffl*»aMf 2 2 5:^51^-4 J: 3 
Ky^-ny^snT^S. ar^LX^Oaymm 
tX'lZffi ( trench ) 2 8A<X y^->-^$iiT^^, 0 hS 

atfc. rtSB^RM ( total internal reflection) (JJl 

t. r Ti rj tiett-rs) ^fflwajofc***** 
ftT^fci. Ltctf-tX. -mmiz&AsKADmwg 2 

081/^7)^^2 6<D*y*yhf&<r>*?Ar v7tzmifr 
^S^-W ( index-matching material) #*!E£;rlTv*3r 
v^RRO, T I R(±A7J«^2 0*^cO3t$rtil7J^ < l : 
2 2(C«[S]$-ti:l.. »Wil2 8*S0o<Ol|EtC 

^tt, ^fflas^-o^^foifto^^atga^ 

[0007 ] 01 lfcti(t44X4^-f •yf-V^S'f 
07h'^X3 2lCfcV^-r. Hocy)A7J»^l : 3 4, 3 
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6, 3 8m/4 oco^-rixfrni&z^ m^cottifimfc 

f42, 44. 4 6&tf4 8<0Vvfix*>l#i:t&£LT 
n*. -zcox-f yf-^SS^coitfiHcJ: 0, ^-fixoit 
ttWRK* 3 ixX v >T t . v ^ft*^ A7J 7 r -f , 

4 <y + y7m=P0SM& ryy . ?u<r*y? ( non-b 
locking ) j fcOf;ft$ix&. 

[0008] 16 ffl<0**^ -f y f-J^aFFO-Ml-Wl 
ti» Sff^S-n?Bt ( index-matching liquid) *<4|f>^ 

tm?>n-^±.<r>*.7*yV < segment) f^>H- 
HitfD-fe^ >- h fifc>Mf> y TVaffM^a* ( l nd 
ex-matching fluid ) TiSfc3ftT^&^{i3E1*Wfc: 

ajf^ts^swt^^aui , ems tu^mm^ma 

[0 0 0 9] HI OSX/mi l<OA7J*tt*2 0UL 3E 
<0j»2 8£*5»tSR»<0*t*. Ul*«E«Map2 2i:3teaMi 
+££4. A*aWW34kHJSj*tMP4 4i:««i«ft 

nscttc^s. muc, A^j*a«3 6i4»i<oas* 
ares 4 2 1 ft^mzm-s l , as 3 OA**** 3 8 «± 

»4^ffi**il*4 8fc#*ttfc:tfr£U jet, 

fl*»*4 0 *<m 3 <om^wa»4 6 1 t&& lt v ^ . 
[ 0 0 1 0 ] m 1 0 tzittwgp>%&A4 y+yym=? 

*l&*lTV**. JbaUJacke 1 *<9Dffit=±4*UI 
Wtt4 9 8815 *9Wb¥Wfcyfej«3ft.S» 

4f> -y 7**:»fe . ~n<r>W®tfWg.-$ h Z b lz 

u »««tc3t^^*f$-ti:i». man. m®%m&z 
* Ltcm 2 wvuxizi <o mzxz & h <r>xh *) . z<r> 

[00 11] B#Il<?>#m z -8-94 8 6 6 (i?" 
h»>-e«O(B!C0#IB¥6-2 29802f) 

-cKtti/o**. mftnmm t - * -%?zmvmiz 

&\tit2itXMWZtL&. 

[ 0 0 1 2 ] «,**yy*ft<rrz V V ?XlZiS»&&, 

f-7x-xtztswi>m&m&&, mtemzm-itzmm 
fit*. ai/-o«iif*> iBi-^icosi^^g is-r 



KWJC3K7 r-f AcaiBgfcS^* J: 5fcfl*-W«l 

JbJfiUfc«l§¥8 - 9 4 8 6 6^co^f8T'«i, 
«^Jf $ fc (IWPWW^W 8 u m X'h 0 . 3 7 jWEW v ^Bt 

m<r>^£tthmm>mz^xmm\^x^h. wm 

Ltz J a c k e 1 ^-cOffifc J: 4*HHWlF4 9 8 8 15 7 

fTtt. i»«)3r u»— * - k o 7 r -f / <e>tt& fc 

BSS^-fl.*«J7/zm<7)Jf$^LTV^. S«=0r^O 
[00 13] ft7T-f/N'h^* i i : fcOig<7M>':?--7x 

ffiflwss?tt. *>r >y^->-^«igfc*3tt5#a<ofi3S'fktc 
lot, ■ewfta^s^ai^v^ ss*wtc(iScts 

( M^-K*7) ^jft^i:^*?^^!! 

7x-<?)&3&#&impisit&zbi>i>&. mta. xk> 
mtojivmztf*. K>±z%mwgi,z, mmt&^&tim 

[00 14] 

[fSW^JWSisL J: 5 fc-TSfSja] C^J; 5 t=JbiE«*« 

xa. m^m^m. -y rco^f&. -e lt 7 r >f ^ 
mmm£.&if&mfcx?Q*ztit:** y 7*atfcg 

[0015] *^Bj(i, ^ct)J: 5 s0rfi63fewS«fc:*Jtt* 

■*m. *i,x7T4rtKrtm&mmr&zbZ:<. 7r 
a *-mfa^<?m&w&m&x'% zbbuz^-n 

Mb-tZ. 
[00 16] 

iz. *mnt. miwimt:m2<r)imbWiRmz8i-& 
-thx-i y^y^m^za^x. %\(r>^mmfw.2<r> 

^MkiW^MWShzm-^ Ltzit7 r A /^'5r•ir^T• , t3 0 . 
Zti? ti<7)yt7 r A^it. mz--o<r>immiCD*irAr y7° 

fp^wxh b b t> t,zft&(?>wmmtfm-i-&'r-;-<-& 

IS ( taper ingregi on) Sr^rLTV^ . 

[ o o 1 7 j §11 (omw&mx'it. 3t»07— x-«iw 
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[ooi8] m2comm.mmx'i,i. f—^-m^fty 

r A 'Vzi&^XBf&ZtiX^Z . n TtffckLtzT E C 
( thermally expanded core) 7tJJ<&, &ltl£. ft 

85 £ m i was®;® A^/h $ ^* 2 (mmmizf—j < v > 

[oo i 9] %><cott o ^r-v- g >"C*i. 2*0^ 
iauc*b«WJ!£»- ^ v -y r*»jft-r * i t&tsnvh & . 

fUf (pUif. 1 5//mtJt®tT2 5>L/m) . ^<30 

wenzmft^mmx'te. mtfrmm^m^Lxcomi 

[0 0 2 0] L»L%tft>. Jfcttto*S^*»MRi, ft 

m^tmwst^m^ixx 1 . 5 5^mf-t- na 

(IT 7* D 7"- ^ 3 yfflCO^J 7 ^ mXte 8 ^ m<D 3 7£Ot 

[0021] ftMcr>7—'<-ffi.m±wg.tMz mm ( a 
diabatic) ix-foh. yrztmm 

U iigf /7 7 ^ A'<?)i»o-^;py-7/R- 
K ( the lowest order localnormal mode ) Ms'*'?— 

<nmn&frZftb%^x'T-'*-mm£m&LXto<x.<Q 

D — tl)VJ — H ( higher order local normal 
mode ) iZimZtlZ. ZMzX^X. f 

mttt. m&umt-^zQk&ntihcMztti.x. mm 

*ig<7)Wk$:7* V U V/7 7 < — ( photo lithograohi call 
y )^t=J:9*IJ«-4£i:#ai*4. 
[0022] 7W*HH*Mte7 r>f Afcift-oTje&SS 
IS 2 cDHJS^Tti . TEC7r-f^7 x;U-;U 

xts>- u 3 >-a«4>ov^s<7)»(ciaa l . swap** 
tsmm^<omm*'fiotz#><r)vxyri*'7 ? < ribbon 

connector ) £flMt~&. 

[0023] LfttfoT, *fMBtc.fc 0 - -t + -y* 

hi-^coTEcyr^^t^coft^^^mm-t^z 



UiiVT^I&a^tf^i' ( index-matching epoxy ) 
(0U(f. 1 6/imX 1 6/im) ^gS^l=*^i.4Ci: 

[0024]:^ •/^-y^S^SitTt^fi, 9tt 

<g<mmmz&L^&ztoz.?izn$>ixi z t iz$> 

&2<r>mmmx'\$. T—^-mmtft? r -imz 
fe-ytztiLmzhztztb. mwg<omz£iz®m<?)23ii>& 
mtL&\ miit-fzx 3c mm^m^m^ryv 
r-va yizim$t&v>iHmi®v>mmmti i *z warn 

tm&mi* (MM£. sin) -acmzitx. -mm®, 
mn** yy^tnwsthw.w^m<r>^y-^m^x 
ftm^&M3<om%mi,zmfo'r&£?i l zi.xi>&^. 
[0025] z<7>* y-^wizummmnimizitiLx 
mwxftxi>&\,\ tfz. moskztzfe^tzijftX'hB: 

I**. ^J^Dl^iX^IBRjSs ( micromachined actuator 
2s£®.®TF&tzMz+ft&<%ttmttL>%\,\ Ltztf 

[0026] Z(DX pfc, *»Bfl^»g : S:fii^i»X>f 
>y f - y , m 1 OftM ^2 <r>ft$& t Mtimiz 

zco&i<vft&Rxs$52<vftnimwim%imz 

[0027] iOfijR. 3KR«<0-+iS, ^r-r •xTc?)^ 
[0028] 

im&&m<wmi mz, *mnnmme&a*.*A 
4 v^>r%?0>mmcoBmzmmz&mLxmfflizm 

4 0o<73^7 r ) <tmn Ltz7T-f; <g&mWL 5 4 , 
56, 5 8St^6 0tJRO#^4>ft7t:^ , tSr-irtfS« 
■C* hWSM»B 5 2 ^^T'V ^ h . ^ 'J 

3 vf - y rt* •?> <r>wmmx-ib htK % com?) ^)ii<n 
£o%mizm^xi>&\<\ isV3ym®.comgte. ft 

m^-thtzih<r>fmmn<rmmmmmL^tz^ 
izhh. 

ioo29]&mmfc f g5 2immx'ffif8.ztix^&. 
mvififzmwft&ii. 01 ozi>->xmiLfz?4 7- 



(5) #gfm 1-287 96 2 



[0030] HI fcttSl/Ovfrvva*. 2 
b*tL&W7T4'*&&MWL5 4. 5 6. 5 82U/6 

* i t a { tt*4 . ; oaswfrtti* 

. 5 2 JrfHKfttf t7? / f-' 5 

4. 5 6, 5 8S.l/6 0±<7)^7r^>'N'i:<?)^:St^JK$r 
<8*$- 4 tdshlzMfSL ZtiX v ^ 4 . 

[O03i]iim^,asitf5 2«. 16* 

cOAtti^fflO^?S , i : 6 2, 64, 66, 68, 70, 7 
2, 74, 76, 78, 80, 82, 84. 86, 8 
8. 9 0&y r 9 2£-£A/CU4„ UK. •y^-V^ 

aawt £»r fc*>t 2 4 «a<t>!Bmittft { & 4 . mms 

[0 0 3 2] 01 O&itiXHe&LtlXdtZ* *rW-v7 

**ai* 4 . 01 . mxxjiuztsv 4 & 9 4 x-^ix 
x v > 4 . 0 1 oftTffio»#fflffi*as£«*£*/,-ci- % 
%mu&mm6 2frt><?>Ai)m^iz^-ftii>T 1 Rt 

MU SPIMF6 2*^^ff^*^O«$ril®LT<J:c0« 
tC<Sai $ ft.4 . 8ttttfflr*ifc: J: -p T 6 2 f> <?)A 
3*»*8 6. 88. 90S.I/9 2(?5V^<Tj6» 
Kfflft$-£4C:i:#T£4. dc0SUltt{i^1 : 6 2tc 
BWW4ffi<03ffl<0»aWF6 4, 6 6StX6 8Kta^ 
T#4. 

[00 3 3] #«?)itf6 2~9 2fc*JlrVt, 3 
9 1 cr>m$rm*$tl£t& G e X(iT i 0 2 am&nSii*: 
Si0 2 <7)J:o%ttnX'ffiJtLZtLX^&. tfc. 9y y 

H«*MWt, s*wi={is i o 2 -ct,av%a*. S5l*>S 

teP 2 0 5 <^J:d&M&4 H-y^h-Sr^l-T^. S 
ix4. 

[00 34] ffl*«D7T^Aie?iJg;&5 4. 5 6, 5 8 
&V6 0ti:» 4*<7)£7T'fA96, 9 8, 10 0&y 

io2**x/c^4. micomtmmiza^x. *7r 

J 4 . 7 r 4 / <mm®. 5 4-60 ±<0# 7 T -f / < 
^•y^fcL S«^W5 2±c7)®«« : 6 2~9 2^h- 
•y f-tft^- 4 . CtfO^cOlt^ f -y ^-li*<J 250jwm 



T'£>4**. SOO^m^lo^ffil^^raolEgi^Sffl 

«tc *5 It 4 9MH 2 7 r -f t n" 9 6 &r/3£ 7 r A t n* 1 

4 i i: **aj* 4 . d ftti 7 r / n'<t> tr •/ f*Wt«S 
$*tTV%ixi^ItgT'S)4. 

[0035] fSS^iSv^r^NV^B^iotfW:. M« 
<r)7T4><*y x. n—tisXlii'V 3 >-g*£tc 7 * h y y 

(t4Ctlci^T^§/l4. i«J:5«r*ftT-Ctt, 
-#*HM<?)ft7 r -f A 9 6&tfi**ff 9 2 cDlfci&W&fi 
■&*ri£A<. «ttBBK:* 4*7 r A J<9 SRl/mAm 1 0 

o^nmco^&.m-^h^izmr/^K zt tc^4„ #7 

d f>'$rfflv^TlI^$ix4. Zcojjmt. fsmiz* $>%^ 
«3ClR^pi|*SrT* 4 fc'ttPI- fcLTflX'5fSi.4i:^ 

[0036] mgmzli. ^jS« : 6 2~9 2*^7rW 
A'9 6-l 0 2t|5j-WBffffi^ffi$:(ii.4<7D#e5tT 
&4. U*»L**«4>, S«®jS«tR^OffiiB$:*"-r4 
J:d{cMiSt-4ii:(i^3S^«rtgT'S>4. Stc. 
7r^ A'(?)8^mt — 30M&fBfrt>9Z 

mmzm-®Ltiz$> bum^t aa-rifc *tc3t«^ 

[00 37] 02(±, 1 6X 1 6<^X>f y^y^^cO 

5£» L£¥a> -y 7 ^ Jifflf 4 m&Wzmik L AW*^) 
irb*(cM-r4^f J fy7'«0li^^t^:^7 7T'$>D. 3* 
OS^r4^-f X«0^ i i : lcM-r4ffl2: 3*<y5fl^-C'*L 

— T'S>4. !8BLh«» Aftf^(i^t*fc4. LJtJ^o 
T, »Kis(t43tfi^^aW : 5:SS8co*§{i. «co^ 
^iH<tO±#< : 5r4. 

[ 0 0 3 8 ] m 1 <DftHS 10 4 {i^^cOffirHcT)^!*^ 
m8//m«£8;um-e£>4*§-£<D=*f-Y •/7 , <0Bt=Str4 
froMift^S: Jt® L?t t OX'h 4 . S 2 OftIS 1 0 6 tilS 

1 6ummZ 8 Aim^^ffiffiSrWL^^^tt 
4fraMS*TS)4. £S3c7)|ftMll 08lil6xi 6xcm 

$iX'h 4 . ciitii. w ^ *»c i 6 /i m vsE-xmcomWi. 
mt. fwrcymizm&KK, ^.wtmnvtz^^-y 

Ji* 4 J: *) ffiv >7D/ v A* <ffi®ft Sr At)-T 

ftfeACttfflSilfc**. C^T'Ojy'^Atil 6jumX8 
fAm<m$im?>^m.fiK 02^2<OftfIl 0 6CS$ 
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[0 0 39] iltfc^T, m%m6 2^9 2<r>Ztl-? 

$m± £ r 4 A 9 6 ~ 1 0 2 tf>vv$«fi 

*> 1 * t <?M - y x h it$SW'h£ v ->Brffi 

-*mt . » 9 4 £ bT$3W&3^W&fc!r£#*t# & 

C 0 0 4 0 ] *456SBBSIT«. HtSftW&f— ^- 'J V 
^fc J: 0 . Mco^a^ 1 6 m<0JE^*^Bfffi<7)-+ 

&B£%£ hZt i?X* h. 1 6 /< mettiitt&ftjafift 

■eft*. iWiStt<o?i«»<o«3asE«3&»feflfflBc«« 
coo4i] muz , i^m-imxhhWMWK i. 5d 

Jft-CfcHtttfSr&fc^. SBR±i±. iSttfttt ( active 
region) Oi|f#*4 jwm*^^ 3 5 //mT'&ixB'. <I;ft£> 

**fr^***Tfc-r.&*£\ ^iEBt36//m*>£> 

3 5// mtib o , «tig&nt*tt 1 6 u mxh&. 
[00423 m3\tmiizm-fhA^<r)mw^<r>y'~^ 
*7F.-t±mmxh & . 4 e 2 ~ 6 8 <n 

*ti¥tHi&fiimWg 5 2 com® 1 1 2 *^coSg^t i 
fc(c, WWff<Offl!l«3&*lfB^T«9><7 l --^-««l 10* 

**l-P*W«W»<0S»at 1 1 2KifififLfc««fc:tJ^T 
fcflMt*¥frtt»cU -oo-j«MWfc>IBfcy3W-* 

1 l4ttffll«H±jW5rawiaHfcitL!tffia3&»/9BBJfrr 

[004 3] «fittP«i««WK:ftoTJ±5V^l 6>um 

nth., a«*awif5 20JSiai 1 2i:*otiii 

l^fc:8jumJIfrO*4<>0yC , &V\ 03t@^LTl^ 
VW. 2-6 8c0/S£*>W)^£O^(c*tiD 

tdK£ $ ixtzmtmmxit ,il6AtmxB$8wm« 
[0 04 4] 121 tCfc^T, 2*^«9 4c7)0t*3{t|, 

^zs&i^ -fccvmmco-tmzGLx^zwmm 



®mimm. ytyr* ;\'9 6~i 0 2co^-m^t^ 
[ 0 0 4 5 ] 12 1 Rvm 3 izfjk?mm&miz{t*>z>mt 

LX , SHRWr-^'J y^$r 7r^f ^'^K/PTHSTt 
y<£7)3TSr jfc*rf 4 £ t * ? tti*& . WlZfbcomXlt . 3 

[0046] m4i&m2<7)mm&miz}ot l f&TEcyT 

4J<<7)&ttmmmX'$> 9 . 12 5 UWft*£«K3*l£H 
4 tC^T EC7r^ N'C0±®mitllT'S) £> . 37« 

H 1 . TEC ( thermally diffused expanded-core ) y 
r4rtX'b&, TEC7-MA1 1611 yrA^<r>lL 
951 2 0t»-5-C-^c7)iIgSr*-L.7t3ri 182rWL 
X^i. ±l»l 2 0li. H4fcS<4m$*fCV^6. 7 
r-fA<9if83l50x-^-fS$l 2 2«-««coi»lttf 1 
2 6 £3T4-&£&attfe« 1 2 4 13£^< (=«-?T31«W 
t:Jfc*rr*nr«0lSg4:*U"C^«. «*S«0TEC7 
r^^^ife^flaR ( expansion factor ) {ift^Wt 

Ji» 2frh D . r-^N'-fflJS i 2 2<ift« 

WC«4*»4>6mm<0lEliK0«SS:^rt-&. t*S«0T 

*^<7)^-jS{i. 1 6jumx 1 bumXfoh. Ztihcr>n 
y*-?lZ. vvmk»5£<0*frte^;b-£TSX-*-*«r 

[0047] TEC7r-fA'l 1 6cr>^(^f—^-m 
1&12 2l,Z&VZ>ifckLfz3Tl 18(i, J:0/H2c0^ 
yr-f^tOMLX. 3fc#«fcffi#4a««r>h3 < 

^ . t e c y r 4 aa» & s&fi s n^jee^flus* 1 o ^ 

[ 0 0 4 8 ] 126 Ji*-f y^-V^^^^t^i^ 

^7r^f^'^EI2-C'$> , 9- I27(il26^«jg(ci3(t 
Si^cov- <J a ymm 1 4 6 r vn'S: r- y -/T 

( trap ) Lt:imz7j<t®mmx'$>&. meR.x/m7 

i&mLX. TECyr-iJ tXlim&tffflfc $ tit: y r 

4 aw ^tU}^m^zjEMizQ.m^-^rr hmtmmz 
wn-ti. &2<7)mmx$>&i'Vaymwii 28<dxo 
^*sfi^i7fy/L> v^mcomi 3o,i3 

2, 1 34&tfl 365r^-TS. ^OiS^. ft#<7Dm 

v^.^t. it^v+ymz&mLtzy* hvv^y 

[0049] fiST'{i^rV^\ flltcfc^TffiJ^flOSt 
W-r&-*^(I!lSO^g(i, 70. 5K^SjS-C'?>I». 
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&fz. &mm?-r-4 V?*%-?t4*\ 38, 14 
0.14 2RX/ 144 «tf5*»«afJl!>4 . * 

T , 3 Tcob y f-3&q»a»<oir y f-fclEWKSte?-* J 
[0 0 5 0] H7fc:*NvcU\ *tJEE-r€»V^M<7)»oE 

m^-?&m2 oisv? ymm 1 4 6 #raw> way 

g&l 2 8KS»»l<?DJI14 8tcJ:-oTSDeSii"C^ 

i/ 'J 3 ylftjjlf tSWOXA^yf-f ( waf 
er bonding) SrfflVvt ^— ¥0)7 r -i 

Vim*- V<7>7T4 AKfc ^ U 3 ft* 

[00 5 1 ] TECX(i»l7T^^W>'S^ny 
«{iB^i^£^S-t£*:#>^>v- 'J 3 ^««fc:fc»t4 
v >f ? o -7 is >toX.cr)m£.li . 2 7 r ; n'£ 

« 2 *<?58|tSrtf t-&*>*4 «f ftT . £T r -f > <0> !✓ 
<iB-£*>-£*>\ ««^fe^ll«^tf^£ft*:iE?'JT1# 
<i>ix^«r t {;:$>&. Witf. 01TJ1, 3e7T-fA'9 6 
fcWMf6 2ftl^*7r-f^l 0 2fc#fe < S6 8^{ig 
S>*tftf3\ 7 r -f 6 0±co*7 r 

-(^96-102*. «fe i W6 2~6 8^{iia^r-r& 

[0052] B8 *4Rflt«JIRi: esa«»^)ia*fl) 0 

^1 6 6 Z^~r±WmX'b 0 . H9(2H8C«V^TfiSS 
ttJB<?D^-f •yfy/ffl 6 6 fc*r*-±ffiBT*>S . H 

fc-^ftffltl 5 6<0+K:*Jtt4«iSl 5 4<7)&B£$iJffll 

-15 O&t/l 5 2* 4 fflV»^nTV^. flfO+OStffc 
11 4*«#tf 1 58, 1 6 0, 1 6 2RtM6 4{C 

fl8fl*rflBir«*i: LT(±-f yrnbVl/T/Wn-^ 

ttJB'C&4i»ttiM£a-/l' ( M-pyrol ) X'hh. 
[0 0 5 3] ia8St>'H9£7D^>f 7fy/ffl6 6« 
ftflatti. 7>f?ot-^-l 5 0at^l 52+tf)ll 

&&f8.2tl&t$Hfel 54«, 7>f?nt-^-MJi: 

^ssi»L&vvc>m5£&Bfcfitft$ix.&. H8c*j^ 

T , «iSli4 15 8-164 <0SaMBCfflB 

«. 81 1 5 6tc^L^B#*-C«^*q^S^t=5rl,. T 
I FMc J: 0A^3ff#{i, aj*«««l 6 4KK[6]$-t££> 



#1*. Lfc^t. vf-^aSTttHSfcRtttflB 
t LT^Six*. v>f ?ot-?-l 5 0tf>»flMiS3l 

[0054] 09fctJWCfJ N ^j^ffl 58—1 640 
3c^SIHC&&-?-r ?ob-?-l 5 0*4*»flrT*9. 

5 4 UHlf^ L T \> "7 4 9 n b - * - Ic9ft 73 (C9 1 * fitf 
t»iih . £*ltc «fc oTJSBtf *^8Mfe6W^23l» 
»C»4'¥*'y7't»tfii:* t T**. i«fl58l4 

8*1 6 2ttH-HHLttf>*ft* 1 64fc3im#&LTV* 
ftfctf>. X>f «y^y^^(i[EjH«ffiii:^:S. 
[0055] «ffiJ*fts£5Hffll/C;*4* vf-^^S^SR 

coWtfcft&^fcfiS^-tir^v^T. 5 y-^^co^A 

[0056] 5 9-tf>»& **S«t|WW±iiffc« L-T 

^tt$-*4Cli:**T'l=S. Cixtc^^.TS9-^»#$- 
aHR»IMPtf5±lillc«LTW ! ar*l*I(cU'C«)J%v^ S 

«s£ttLTStt&fb#oiij^«-m. ^b>-h-.y h 

7h l J?X7 ,| J^7 , xyyy ( multi-pin dot matrix 
printer engine) £«EL;fc#KKloTS6lt?ngT* 

cicoia^ry^^xy^vcobycorapsti, ii 

( micro-electromechanical system ) (J^JTF r MEM 

sj tiB^-ri.) ^i&«(4, mmwizttLxmrntfaiz 
&&m&tf~*jffix'$> o . s 9 - * a$o±® •csstc^r 
m-thtzwzmmztih. 

[0057] IJttlWME M SlgDSSr . McomizM L 
Tfff^lSlC. 5 9-£*£«^-!»*:i6KfiJffl LT 
^. ^Oid^ffiUlSfi, md.L1z94T<?>%&x4 v 

TOBWSSW ( electrostatic actuator ) T«, $-)2 

^ m<K09itff zmmhtzfrizmizfe^tz 3 2 ^ m^ft 
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*«JoiTlMDSHtt«<0«rfWE* ( throw) *®=*tiir$- 
4*\ Xf±. $7-tWm&cr>&*.&h-tttfftl 2. 5 
m MTcomizW.mZ'Z 4 J: dfc&oT 5 5— #2 5/i 

[0058] aiO+fcUBWaWS^itt*** 
LT. * cOfKHJj&I/H* S: o ** . fl&<^9tEtfe»ffi<># 

sssm. mws t nmm&mtHtf 
m^v$ifrco*zmzms*im%5.7-£iR.®i-&£o tz 

*4f> -yTVO+fcfcttS 5 5-<0*«*>**iSPffi: 9 L£ 

[0059] ;<^IOtJgJ»t:«v^T*Jt-r^SISI)H«. 
Rlffifcikflln— r -f ^j^$*m*frvM8"3rax,tf>iJr 

mnsmmfatiztim s -£ 4 coaqm-c* a jst* * . 

C?S-5^i!Sf^3Ti:^Lt Li 3 3fc£*ffl=GRWfl 
t£T'$>4. 

[0060] 13lTt^*:fM8^Saft<?WBJB*S*W4 . 
[ 0 0 6 1 ] 1 . J(5 1 tf51ftWLfc*«aW»« ( 5 
2; 124) t, «E»l«5HC»-aTai (94 ; 1 5 
6 ) -y 7*4 T'jiy tt3fcfiSai«:fT 3 fcftOSS 1 <0® 

w»av»2<oara» (62-92; 126; 158, 
160, 1 62&#i 64) x-h*). msMtiamwaf 

tfMffi^A* -y TfcfcV vc#* j5f*SS 1 cDBJrffimSr^rf 4 1*1 
ffifttt (114) coflfflSgi x-^-ffli* ( 1 1 0 ) tf> 

wwb t £*rr 4 msm 1 ^siwsarxspt 2 <rmm 
fc. me***Trt**aiew»tt*. maun 

less 1 0m/&&xm 2 rtmtimtmm £ mm 2 
mzuwmt&mm < 1 so&vi 52 > uasm 

«WJWW«WWMIfclSd' LT fulfil ^ y rc«*>4 
»103t»*»*^6JiS103e7r>f A (96, 98, 
100W102; 116; 138, 140, 142S 

tfu4)k, B-riB^ 2 oanntomEiMWfctte l 

THtrie^f-v y7i35;b4fS2WflK£lJj£t-4lfS207t 
7r-f^(96, 98, 10 O&lXl 0 2 ; 1 1 6 ; 1 
38, 140, 1 4 2&Z/1 44 ) i£WL, mfieiill 

otmmfm 2 . BrsfflwigEiB 1 cow® 

(110:122) 4X-T v+VflFf- (50; 



166). 

[0062] 2 . itriemi<o^sss.y r m2c7)7i£/fS^t> 
it* < 1 1 o > itriem i emsRAV 

W.2<n>m$Lm (6 2~9 2 ; 1 5 8, 1 6 0, 1 6 2S, 
t/1 64 ) (C«oTlStt^»iXTU4±ieiK«lC0^^ -y 
f-^*^ (50; 166). 

[0063] 3 . firiEtfc* (c/]n§ < Limmo-^m 

m?£i\<?>yt7T'l^RVm2crtft7T4J<' (9 
6 , 9 8, 10 ORIS 102:116:138, 14 
0, 14 2 Rlf 14 4) COffliWCOtt&liZtttfj L „ <1 tf)" 5 !" 

J: ^ fries* 1 «03MMrkiErEas 1 offi? r A 
(62—92:1 58. 1 60, 1 6 2RV 1 6 4 ) £: 
&V'f12^&^Miem203\:7T^Afc<7)rSj 

fcfett4IS-&*i*^«3*l4±E2fEtt<0*-r 

[0064] 4 . tuiB^ i coitmRvm 2 coymizn 
if&mRr-'t-mm (122)^ Miess 1 cwt? r 

A >*RXP%2<rm? r A v< (116) izftiXskftbtl 
X V ^ 4-tf £ 1 15«i<7)^ -fyfy ^'»^. 
[0 06 5] 5. BfjieSllc7)3fe7r^A.St^B2C0?t 
7r^A*lt nr^'teSSL^TEC (Thermally Expand 
ed Core) 7 r-f A ( 1 1 6 ) X'h 0 , ME^-^^Hi 
m ( 1 2 2 ) fiK H?I£TE C 7 r -4 At fuiejj? 1 COM®. 

mRi/m2<7wm ( 1 2 6 > coT-Hswt^ ^^-7 
x-^cojfi<icies$^4±iaix{i4ie«j<?)x^ y^- 

[0066] 6 . Hfriem 1 emmeax/m 2 commfg 

( 1 2 6 ) luiertW^^MI^htfflS^^oT- 
««0ttlf®«^1S2:*-r4Jiffil , 4X(i5lSigOX^ y 

[0067] 7. ffl&T—'t-im (110:12 
2 ) n^t-mz. ffiffS^-V 7 7(94; 15 6) (Cifi-^< 
fcofiTlfc* KlWiE* 1 2 0*»*«BB»W 

I/Zfflzk. (adiabatic expansion) ~$~Z> J; o tcffi^$tl4 
JJE1. 2, 3, 4, 5Xt26ES>CDX-r -yf->-^ 

[0068] 8 . mWwm (94) «r*l Offi(C*-T4 
(52) i: . *ti?tiWJ?%:< 1 1— 5<?3» 
fc 0 , 3&*oMff tttitr 4 * 1 <0W««OSB» Sr# 
tfHUlEmiOffitC?ao^l03tSS (6 2. 64, 6 
6, 68, 70, 72, 7 4211/7 6 ) Officii: , m 

-Ot3e^0. #fi : (Cfira-r4m2«^1 : ^ 
a5^#tfH?rlBm 1 *>iBfc:«HfcflS2tf«KK (78,8 
0, 82, 84. 86, 88. 9 0 SIX 9 2 ) OiE^'J 

t . wiMmizft LxmiRmz&m-*im%%iftx'$> ~> x . 
mriem i <vm®. < §Rv : m2cr>m%L t g<Di%mzi6v-&miff 

Rvm2<D]&^^mztiif&mfcfc#ttmizim 
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TA^^t^lO^r-f^N* (96, 98, 100, 
102, 116, 138, 140, 14 2&V144) 

<7mnx'h o , ffieiB i <mwg<mmzi&r$< r t «c 

^tl»3r*«L^2^7r^A' (96, 98. 
100, 102, 116, 138. 140. lA2Mf 

i a a) vmmvh *> . «iie»2o^tf oawtcit? 

#7 r -f /< £: BufBSB 2 eoftSS k ^W^JSIfW 
*lWE»203fc7r>f AoBWfc**^-&*¥/t~h ■ 
Vh'J^X ( an optical routing matrix ) 

x-i y-f-yym^ (50) . 

[00 6 9] 9. 13£2*U*»tt (5 2) h*J 

v?7 y < -zmtmm zti&ttmzx ^x&m.ztiti 
m i comux-h o , mmm 1 oaiaBav* 2 co^^bu 

IB^l^S«±^^-->'^^ix^iiT'»fi!<;?ii, f? 
ie^l03t7T>f^' (9 6, 98, 100, 102, 1 
16, 1 38. 140, IA2RX/1AA) tl £S2<0 
gig (54, 56. 58, 6 0&t>'l 2 8) (CftBU 

mriem 1 **nr*«»hihc:I3 t t ste-r & t- •/ 
mmcon vi-y^m? ( 5 0 > . 

[0 0 7 0] 10. h5IBIS2c7)^ ( 54, 5 6, 5 
8. 60X1^128)11 7*h'jy/7 7-f-gfg* 5 

'<eQffi^ yttG1-&ffi7<7>Vsm<?>m (13 0, 1 

3 2, 1 3ARV1 36) Zffiz.. fflimi<7>7l7T-4 
a'(96, 98, 100, 102, 116, 138, 1 

4 0, 14 2 Rlf 144) , MISV^MWScO— 
otEJESnftat^/U-h • vh'J^xS:<ii.^,±l29 
8EttOX>f y^-y^m? (50). 

[007 1] 



[01 1 *f6HB<0Sat»JBtcJ:*-7 s --y'C-«ttS:#^4 

[02] 1 6x 1 6<7)X4 v1-y?&=Hr)~?YV9XX' 

^-v v7°cr>Hs£?ikLfz7'77X'$>&. 
[03] 01te*i»t4 4*o8WttfOf i --"«-«MJ'Sr* 

[04] »2<09afi»JBt=*J»t*TEC7r-f^aWi- 

mit0T?>4. 

[05] 05««Kft«fc:fiSttS#lfcEl4tC^-fTEC7 
r 4 ' n'cO±M«)S0-C'*> 4 . 

[06] v+>7ttm&*&&m4tii-*thtz 

u50T*#) 4 . 

[07] me^mm^n^hiM^^j aymm^y 

TJ^ZbyvT ( trap ) Lfctt!B£5rf ^WHETC* 
[08] RtfttJSfc^ttJS^raSrflJO^tSfcA^m 
B0T&S. 

[09] EI8fc:*JV^giS«JB(?5^-f -yf->-^-?5r^ 

-rimmx'ibh. 

[010] «!3fet=t>{tS3K^^^ y^^fS^PcOfltlfc*: 
*-t±ffi0T*)4. 

[011] fi!#£J3t*&4X4cy)3fc^*-f -yf-V^S^F 
ovh'j? x<Of$j££7jrr0-C£>& . 

[^oisbj] 

50, 1 66 x-f vi-yfm? 

5 2. 1 24 

54, 56. 58, 60 V r A > <E#Jffi« 
62~92, 1 26, 1 58. 1 60, 1 62. 1 64 

94, 1 5 6 m 

96, 98, 100, 102, 1 16, 1 38, 14 
0, 14 2, 144 f7r^A" 
110. 122 f- ><HH« 
1 1 4 rtfffttt 

130. 132, 134, 136 V#:g!<D8f 
1 5 0.1 52 -v"f ;nt-; 



[06] 



138 140 142 144 
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